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S E D I M E N T O X Y G E N D E M A N D A S S E S S M E N T S 
I N C E D A R C R E E K B E L O W G A L E S B U R G , I L L I N O I S 
b y T h o m a s A . B u t t s 
I N T R O D U C T I O N 
C e d a r C r e e k is a s m a l l s t r e a m that o r i g i n a t e s n e a r the 
n o r t h e a s t c o r n e r o f the G a l e s b u r g c i t y l i m i t s w h e r e f a r m f i e l d 
t i l e s d i s c h a r g e into a n o p e n w a t e r w a y . T h e o p e n w a t e r w a y 
b e c o m e s a d r a i n a g e d i t c h w h i c h g a t h e r s s u r f a c e r u n o f f f r o m 
rural f i e l d s a n d f r o m s t o r m a n d c o m b i n e d s e w e r s i n the c i t y . 
T h e G a l e s b u r g S a n i t a r y D i s t r i c t s e w a g e t r e a t m e n t p l a n t 
d i s c h a r g e s e f f l u e n t t o the c r e e k a b o u t o n e m i l e s o u t h w e s t o f 
the c i t y l i m i t s . For a d i s t a n c e of a b o u t 5 0 0 feet b e l o w the 
t r e a t m e n t p l a n t , the c r e e k has b e e n s t r a i g h t e n e d and d r e d g e d . 
T h e o v e r a l l l e n g t h o f C e d a r C r e e k i s 4 7 . 8 m i l e s ( H e a l y , 
1 9 7 9 ) . I t e m p t i e s into H e n d e r s o n C r e e k 2 3 . 4 m i l e s u p s t r e a m o f 
the j u n c t i o n o f H e n d e r s o n C r e e k and the M i s s i s s i p p i R i v e r . T h e 
s t r e a m e x h i b i t s two d i s t i n c t h y d r a u l i c r e g i m e s ( F r e v e r t , 
1 9 7 9 ) . F r o m its m o u t h t o a p p r o x i m a t e l y s t r e a m m i l e 2 3 . 5 a t 
M a r k h a m C r e e k near M o n m o u t h , the s t r e a m bed i s r e l a t i v e l y w i d e 
and s h a l l o w ; the b o t t o m c o n s i s t s o f s a n d , g r a v e l , and r o c k s . 
M a n y s h a l l o w r i f f l e a r e a s c h a r a c t e r i z e this p o r t i o n o f the 
s t r e a m . T h e r e a c h b e t w e e n M a r k h a m C r e e k and G a l e s b u r g ( s t r e a m 
m i l e 4 I . I ) i s d e s c r i b e d b y F r e v e r t ( 1 9 7 9 ) a s h a v i n g a u n i f o r m 
w i d t h o f a b o u t 2 0 feet d u r i n g low f l o w c o n d i t i o n s , w i t h d e p t h s 
v a r y i n g w i d e l y f r o m 10 to 36 i n c h e s ; the s t r e a m b o t t o m is 
d e s c r i b e d a s b e i n g c o a t e d w i t h o r g a n i c s l u d g e a n d soft m u d i n 
p l a c e s w h i l e in a few l o c a t i o n s f i r m c o n d i t i o n s e x i s t . 
F r e v e r t ( 1 9 7 9 ) f o u n d that low f l o w s t r e a m v e l o c i t i e s r a n g e d 
b e t w e e n 0.4 and 0.8 feet per s e c o n d ( f p s ) . G e n e r a l l y , 
s u s p e n d e d s e d i m e n t s t a r t s t o s e t t l e t o the b o t t o m w h e n s t r e a m 
v e l o c i t i e s fall b e l o w 0.6 fps ( B u t t s e t a l . , 1 9 7 4 ) . 
T h e s t r e a m t r a v e r s e s a r u r a l s e t t i n g b e l o w G a l e s b u r g . It 
m e a n d e r s m a i n l y t h r o u g h p a s t u r e and t i m b e r l a n d s w i t h a few 
c u l t i v a t e d f i e l d s s c a t t e r e d i n b e t w e e n . T h e o n l y s e t t l e m e n t 
of a n y s i g n i f i c a n c e i. s L i t t l e Y o r k ( p o p . 3 4 7 ) l o c a t e d 6.6 
m i l e s u p s t r e a m o f H e n d e r s o n C r e e k . 
W i t h o u t the r e l a t i v e l y l a r g e e f f l u e n t d i s c h a r g e f r o m the 
G a l e s b u r g S a n i t a r y D i s t r i c t w a s t e w a t e r t r e a t m e n t p l a n t ( s t r e a m 
m i l e 4 0 . 2 ) , f l o w i n the c r e e k w o u l d b e v e r y low t o n o n e x i s t e n t 
d u r i n g w a r m , d r y - w e a t h e r c o n d i t i o n s . T h e 7 - d a y , 1 0 - y e a r low 
f l o w a b o v e the p l a n t is z e r o w h i l e at the p l a n t d i s c h a r g e 
p o i n t it is 8.6 c u b i c feet per s e c o n d ( c f s ) ( S i n g h a n d S t a l l , 
1 9 7 3 ) . A t s t r e a m m i l e 2 1 . 6 a b o v e the M o n m o u t h t r e a t m e n t p l a n t 
1 
d i s c h a r g e , the 7 - d a y , 1 0 - y e a r low f l o w has b e e n r e d u c e d t o 6.4 
cfs d u e t o i n f i l t r a t i o n a n d e v a p o r a t i o n l o s s e s . M o n m o u t h a d d s 
1.3 c f s at m i l e 2 1 . 6 for a total of 7.7 c f s . H o w e v e r , by the 
t i m e C e d a r C r e e k e m p t i e s into H e n d e r s o n C r e e k t h i s f i g u r e has 
b e e n r e d u c e d t o less than 7.4 c f s . T h e U n i t e d S t a t e s 
G e o l o g i c a l S u r v e y m a i n t a i n e d a c o n t i n u o u s - r e c o r d f l o w g a g i n g 
s t a t i o n a t L i t t l e Y o r k b e t w e e n 1 9 4 0 a n d 1 9 7 1 . T h e s t a t i o n w a s 
a b a n d o n e d o n S e p t e m b e r 3 0 , 1 9 7 1 . The m i n i m u m 1971 s u m m e r low 
f l o w w a s r e c o r d e d a s 8.5 c f s . 
B a c k g r o u n d 
W h e n c i t i e s o f any s i g n i f i c a n t s i z e d e v e l o p a r o u n d the 
h e a d w a t e r s o f s t r e a m s o r r i v e r s , w a t e r q u a l i t y p r o b l e m s 
i n h e r e n t l y d e v e l o p a l o n g t h e s e w a t e r c o u r s e s i r r e s p e c t i v e o f 
h o w w e l l the c o l l e c t e d w a s t e w a t e r s a r e t r e a t e d . T h e s i t u a t i o n 
i n C e d a r C r e e k b e l o w G a l e s b u r g i s n o e x c e p t i o n . T h e G a l e s b u r g 
S a n i t a r y D i s t r i c t c o l l e c t s and t r e a t s w a s t e s f r o m o v e r 3 8 , 0 0 0 
r e s i d e n t s and f r o m n u m e r o u s c o m m e r c i a l a n d i n d u s t r i a l s o u r c e s 
and d i s c h a r g e s t h e m into w h a t w o u l d b e a n i n t e r m i t t e n t s t r e a m 
in the a b s e n c e of the t r e a t e d e f f l u e n t d i s c h a r g e . The 
d i s t r i c t ' s t r e a t m e n t f a c i l i t y c o n s i s t s o f p r i m a r y s e t t l i n g , 
t r i c k l i n g f i l t e r s , and s e c o n d a r y s e t t l i n g c a p a b l e o f r e m o v i n g 
8 5 t o 9 0 % o f the i n c o m i n g 5 - d a y b i o c h e m i c a l o x y g e n d e m a n d 
( B O D ) a n d s u s p e n d e d s o l i d s C S S ) . 5 
N o r m a l l y the D i s t r i c t ' s w a s t e w a t e r t r e a t m e n t p l a n t 
e f f l u e n t q u a l i t y r e q u i r e m e n t s w o u l d b e c o v e r e d u n d e r S u b p a r t A 
( g e n e r a l e f f l u e n t s t a n d a r d s ) o f Part 3 0 4 ( e f f l u e n t s t a n d a r d s ) 
o f the I l l i n o i s P o l l u t i o n C o n t r o l B o a r d ' s ( I P C B ) R u l e s and 
R e g u l a t i o n s ( 1 9 8 4 ) . S e c t i o n 3 0 4 . 1 2 0 ( c ) o f S u b p a r t A s t a t e s 
that s u c h a p l a n t is r e q u i r e d to m e e t e.ffluent B O D 5 and SS 
c o n c e n t r a t i o n s o f 1 0 m g / L and 1 2 m g / L , r e s p e c t i v e l y , s i n c e the 
d i l u t i o n r a t i o is less than 5 to 1. H o w e v e r , the D i s t r i c t has 
b e e n e x e m p t e d f r o m S u b p a r t A and has b e e n a s s i g n e d s p e c i a l 
s t a n d a r d s u n d e r S e c t i o n 3 0 4 . 2 0 7 o f S u b p a r t B ( s i t e - s p e c i f i c 
r u l e s a n d e x c e p t i o n s not o f g e n e r a l a p p l i c a b i l i t y ) o f P a r t 304 
i f c e r t a i n c o n d i t i o n s a r e m e t . T h e s e s t a n d a r d s a n d the 
s p e c i a l c o n d i t i o n s u n d e r w h i c h they a r e a p p l i c a b l e a r e g i v e n 
i n S e c t i o n 3 0 4 . 2 0 7 a s f o l l o w s : 
S e c t i o n 3 0 4 . 2 0 7 G a l e s b u r g S a n i t a r y D i s t r i c t D e o x y g e n a t i n g 
W a s t e s D i s c h a r g e s 
a ) T h e d e o x y g e n a t i n g w a s t e s g e n e r a l e f f l u e n t s t a n d a r d s o f 
S e c t i o n 3 0 4 . 1 2 0 ( c ) shall not a p p l y t o the G a l e s b u r g 
S a n i t a r y D i s t r i c t d i s c h a r g e s into C e d a r C r e e k . S u c h 
d i s c h a r g e s m u s t m e e t the d e o x y g e n a t i n g w a s t e s g e n e r a l 
e f f l u e n t s t a n d a r d s set b e l o w : 
2 
C O N S T I T U E N T S T O R E T N U M B E R C O N C E N T R A T I O N C m g / L ) 
B O D 5 A p r i l - N o v e m b e r 0 0 3 1 0 17 
D e c e m b e r - M a r c h 2 0 
S u s p e n d e d S o l i d s 0 0 5 3 0 
J u n e - J a n u a r y 15 
F e b r u a r y - M a y 2 5 
b ) T h e a b o v e s t a n d a r d s h a l l a p p l y s o l o n g a s t h e G a l e s b u r g 
S a n i t a r y D i s t r i c t a c h i e v e s : 
1 ) by N o v e m b e r 1, 1 9 8 4 , c o m p l i a n c e w i t h 35 I I I . A d m . C o d e 
3 0 2 . 2 0 6 t h r o u g h o u t C e d a r C r e e k d o w n s t r e a m o f t h e 
t r e a t m e n t p l a n t o u t f a l l , b y e f f l u e n t a e r a t i o n , 
i n - s t r e a m a e r a t i o n , o r o t h e r m e a n s . 
2 ) b y N o v e m b e r 1 , 1 9 8 4 , the p r e v e n t i o n o f o v e r f l o w s f r o m 
the i n t e r c e p t i n g s e w e r s p r i o r t o s u r c h a r g i n g e x c e p t 
w h e r e b a s e m e n t b a c k - u p s w o u l d r e s u l t . 
3 ) b y M a r c h 1 , 1 9 8 4 , a n o p e r a t i o n a l p r o c e d u r e f o r t h e 
i n f l u e n t p u m p s w h i c h p r e v e n t s i n t e r c e p t o r s u r c h a r g i n g 
a t f l o w s b e l o w h y d r a u l i c c a p a c i t y . 
4 ) b v M a r c h 1 . 1 9 8 4 . t h e e l i m i n a t i o n o f all d o w n s p o u t 
c o n n e c t i o n s , a n d 
5) by N o v e m b e r 1, 1984, the p r e v e n t i o n of i n f l o w by 
s e a l i n g a l l l e a k i n g c a t c h b a s i n s . r e p l a c i n g a l l 
l e a k i n g m a n h o l e l i d s a n d f r a m e s , a n d s e a l i n g d r a i n a g e 
i n l e t s . 
c) If the c o n d i t i o n s set out in p a r a g r a p h ( b ) , a b o v e , are not 
m e t , the d e o x y g e n a t i n g w a s t e s g e n e r a l e f f l u e n t s t a n d a r d s 
of S e c t i o n 3 0 4 . 1 2 0 ( c ) shall a p p l y to the G a l e s b u r g 
S a n i t a r y D i s t r i c t d i s c h a r g e s into C e d a r C r e e k . 
The five c o n d i t i o n s s t i p u l a t e d i n p a r a g r a p h b ) h a v e b e e n 
a c h i e v e d and the s t a n d a r d s p r e s e n t e d i n p a r a g r a p h a ) a r e b e i n g 
m e t . 
O f the n u m e r o u s s t r e a m w a t e r q u a l i t y s t a n d a r d s c o n t a i n e d 
in P a r t 3 0 2 of the IPCB R u l e s and R e g u l a t i o n s . the o n e 
p e r t a i n i n g t o d i s s o l v e d o x y g e n ( D O ) c o n c e n t r a t i o n s , a s 
o u t l i n e d in S e c t i o n 3 0 2 . 2 0 6 , is m o s t p e r t i n e n t to the e x i s t i n g 
s i t u a t i o n a l o n g C e d a r C r e e k . S e c t i o n 3 0 2 . 2 0 6 s t a t e s t h a t : 
D i s s o l v e d o x y g e n ( S T O R E T n u m b e r 0 0 3 0 0 ) shall 
not be less than 6.0 mg/L d u r i n g at least 16 h o u r s 
of any 24 hour p e r i o d , nor less than 5.0 m g / L at any 
t i m e . 
3 
H i s t o r i c a l l y , t h i s w a t e r q u a l i t y s t a n d a r d h a s not b e e n 
m e t a l o n g C e d a r C r e e k b e l o w the t r e a t m e n t p l a n t . R o u t i n e 
m o n i t o r i n g a n d s p e c i a l s u r v e y s s h o w e d t h a t D O l e v e l s 
p e r i o d i c a l l y fell b e l o w 5 m g / L . P a r a g r a p h ( 1 ) o f S e c t i o n 
3 0 4 . 2 0 7 ( b ) , a s d e t a i l e d a b o v e , s p e c i f i e s the a l t e r n a t i v e 
p r o c e d u r e s a c c o r d e d the D i s t r i c t b y the I P C 8 t o a l l e v i a t e t h i s 
p r o b l e m . E n g i n e e r i n g s t u d i e s s h o w e d that p u r e o x y g e n 
i n j e c t i o n i n t o the p l a n t e f f l u e n t w o u l d b e a v e r y e c o n o m i c a l 
m e a n s o f s a t i s f y i n g the e f f l u e n t b i o c h e m i c a l o x y g e n d e m a n d . 
H o w e v e r , s t r e a m m o d e l s t u d i e s i n d i c a t e d that s t r e a m D O 
s t a n d a r d s m a y s t i l l not b e m e t d u e t o the o c c u r r e n c e o f 
s i g n i f i c a n t " n a t u r a l " s o u r c e s o f o x y g e n d e m a n d i n the c r e e k . 
N e v e r t h e l e s s , d u r i n g O c t o b e r 1 9 8 4 , a s y s t e m w h e r e b y p u r e 
o x y g e n c o u l d b e i n j e c t e d i n t o the e f f l u e n t line u n d e r p r e s s u r e 
t o p r o d u c e s u p e r s a t u r a t e d D O l e v e l s w a s i n s t a l l e d a n d p u t into 
o p e r a t i o n . A l t h o u g h s u p e r s a t u r a t e d l e v e l s w e r e m a i n t a i n e d i n 
the o u t f a l l a r e a o f the s t r e a m , a p r o n o u n c e d D O sag c u r v e 
c o n t i n u e d t o p e r s i s t d o w n s t r e a m j u s t a s the m o d e l l i n g 
p r e d i c t e d . T h e c r i t i c a l r e a c h o n the sag c u r v e r o u t i n e l y 
f a l l s b e t w e e n p o i n t s 4.9 m i l e s a n d 7.9 m i l e s b e l o w the 
t r e a t m e n t p l a n t d i s c h a r g e . M i n i m u m D O c o n c e n t r a t i o n s just 
s l i g h t l y l e s s t h a n 5.0 m g / L a r e o b s e r v e d i n t h i s a r e a d u r i n g 
e a r l y m o r n i n g s u m m e r h o u r s . D u r i n g d a y l i g h t , D O s a b o v e 6.0 
m g / L a r e m a i n t a i n e d t h r o u g h o u t the c r i t i c a l r e a c h . T h e c a u s e 
o f the p r o n o u n c e d D O sag d u r i n g e a r l y m o r n i n g h o u r s m a y r e s u l t 
f r o m the o c c u r r e n c e o f n i g h t - t i m e a q u a t i c m a c r o p h y t e 
r e s p i r a t i o n i n c o n j u n c t i o n w i t h a h i g h s e d i m e n t o x y g e n d e m a n d 
( S O D ) . A 3 - m i l e r e a c h o f the c r e e k , s t a r t i n g a b o u t 2 m i l e s 
b e l o w the p l a n t , i s c h o k e d w i t h r o o t e d a q u a t i c v e g e t a t i o n . 
D i s s o l v e d o x y g e n u s a g e d u e t o m a c r o p h y t e r e s p i r a t i o n i s not 
r e a d i l y m e a s u r a b l e but that d u e t o S O D is. 
T h e W a t e r Q u a l i t y S e c t i o n o f the I l l i n o i s S t a t e W a t e r 
S u r v e y ( I S W S ) has d e s i g n e d e q u i p m e n t a n d d e v e l o p e d 
m e t h o d o l o g i e s for m e a s u r i n g i n s i t u S O D r a t e s [ ( B u t t s , 1 9 7 4 ) , 
B u t t s a n d E v a n s ( 1 9 7 7 ) , B u t t s a n d E v a n s ( 1 9 7 8 ) ] . C o n s e q u e n t l y , 
the I S W S w a s r e t a i n e d t o m e a s u r e and e v a l u a t e S O D r a t e s a t 
s e l e c t e d p o i n t s i n C e d a r C r e e k t h r o u g h a n i n t e r g o v e r n m e n t a l 
r e s e a r c h a g r e e m e n t . 
S t u d y A r e a 
F i g u r e 1 s h o w s the s t u d y a r e a and l o c a t i o n s a t w h i c h the 
G a l e s b u r g S a n i t a r y D i s t r i c t r o u t i n e l y c o l l e c t s w a t e r s a m p l e s 
for w a t e r q u a l i t y a n a l y s e s . S e d i m e n t o x y g e n d e m a n d 
m e a s u r e m e n t s w e r e m a d e a t all the w a t e r q u a l i t y s a m p l i n g 
l o c a t i o n s e x c e p t for s i t e 7. S t a t i o n 2 is a b o u t 5 0 0 feet a b o v e 
the o u t f a l l , w h e r e a s n u m b e r 3 i s a p p r o x i m a t e l y 3 0 0 feet b e l o w 
it; s t a t i o n 8 , the f a r t h e s t d o w n s t r e a m , i s a p p r o x i m a t e l y 9.6 
m i l e s b e l o w the o u t f a l l N e w road c o n s t r u c t i o n i s p r e s e n t l y 
u n d e r w a y a l o n g the e n t i r e s o u t h e r n f r i n g e o f the c r e e k v a l l e y 
i n the s t u d y a r e a . T h e s t a t i o n s f r o m P i c k a r d R o a d ( P . R . ) 
4 
Figure 1. Study area and sampling locations 
t h r o u g h 8 a r e all b r i d g e l o c a t i o n s . T h e r o a d l e a d i n g t o the 
P i c k a r d R o a d b r i d g e h a s b e e n a b a n d o n e d , but the b r i d g e i s 
s t i l l r e a s o n a b l y a c c e s s i b l e . N e w b r i d g e s h a v e r e c e n t l y b e e n 
c o n s t r u c t e d a t s t a t i o n s 5 , 6 , a n d 8 . T h e r o a d a n d b r i d g e 
c o n s t r u c t i o n i n the s t u d y a r e a c o u l d p o s s i b l y h a v e i n f l u e n c e d 
the S O D a n d s e d i m e n t r e s u l t s d e r i v e d f r o m t h i s s t u d y . A t the 
b r i d g e c o n s t r u c t i o n s i t e s , d i r e c t d i s t u r b a n c e o f the 
a c c u m u l a t e d s e d i m e n t s a p p e a r e d t o h a v e o c c u r r e d t o s o m e 
d e g r e e , a n d i n t h e r o a d c o n s t r u c t i o n a r e a , l a r g e t r a c t s o f 
land h a v e b e e n l a i d b a r r e n a n d e x p o s e d t o e r o s i o n . 
A c k n o w l e d g m e n t s 
T h i s s t u d y w a s s p o n s o r e d a n d f u n d e d b y a g r a n t f r o m the 
G a l e s b u r g S a n i t a r y D i s t r i c t . T h a n k s a r e e x t e n d e d t o J i m 
B r o w n i n g , D i s t r i c t S u p e r i n t e n d e n t , a n d J i m H u f f o f H u f f a n d 
H u f f E n v i r o n m e n t a l C o n s u l t a n t s for t h e i r h e l p a n d a d v i c e . T h e 
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w o r k w a s p e r f o r m e d u n d e r the g e n e r a l s u p e r v i s i o n o f the A c t i n g 
C h i e f o f the I l l i n o i s S t a t e W a t e r S u r v e y , R i c h a r d S c h i c h t . 
H a r v e y A d k i n s , D o u g E x c e l l , S c o t t K n i g h t , and D a n a S h a c k l e f o r d 
a s s i s t e d i n the f i e l d w o r k . T h e i l l u s t r a t i o n s w e r e p r e p a r e d 
b y J o h n B r o t h e r ; L i n d a J o h n s o n p r e p a r e d the o r i g i n a l 
m a n u s c r i p t ; and Gail T a y l o r e d i t e d the r e p o r t . 
S A M P L I N G E Q U I P M E N T A N D P R O C E D U R E S 
S e d i m e n t o x y g e n d e m a n d can b e d e f i n e d b r o a d l y a s the 
u s a g e o f d i s s o l v e d o x y g e n i n the o v e r l y i n g w a t e r b y b e n t h i c 
o r g a n i s m s . In s o m e i n s t a n c e s , it can i n c l u d e or r e s u l t f r o m 
i n o r g a n i c c h e m i c a l o x i d a t i o n r e a c t i o n s . H o w e v e r , u n d e r 
a e r o b i c c o n d i t i o n s it is p r i n c i p a l l y the r e s u l t of the 
b i o c h e m i c a l o x y g e n d e m a n d s o f m i c r o - and m a c r o - o r g a n i s m s . T h e 
m a j o r m i c r o d e m a n d i s d u e t o b a c t e r i a ; h o w e v e r , d i a t o m s , 
p r o t o z o a , a n d a q u a t i c fungi r e s p i r a t i o n can b e s i g n i f i c a n t a t 
t i m e s . M a c r o d e m a n d i s c a u s e d b y a u f w u c h c o m m u n i t i e s ( s u r f a c e 
l i v i n g o r g a n i s m s ) a n d b u r r o w i n g f a u n a . W o r m s , insect l a r v a e 
and n y m p h s , l e a c h e s , and m u s s e l s a r e the p r i n c i p a l b u r r o w i n g 
t y p e s . P e r i p h y t o n , o r o r g a n i s m s w h i c h a r e a t t a c h e d t o 
u n d e r w a t e r s u b s t r a t e s , r e p r e s e n t a n i m p o r t a n t s o u r c e o f S O D i n 
s o m e s t r e a m s , in s o m e d e e p a r e a s of s o m e c l e a r l a k e s , a n d in 
the l i t t o r a l z o n e s o f m o s t l a k e s . 
R u n s w e r e m a d e a t s e l e c t e d l o c a t i o n s o n c e d u r i n g late 
J u n e 1 9 8 5 a n d o n c e d u r i n g late S e p t e m b e r 1 9 8 5 . S t a t i o n s 2 , 3 , 
P.R., 4, 5, 6, and 8 w e r e s a m p l e d d u r i n g J u n e , w h i l e o n l y 
s t a t i o n s 2 , P.R., and 5 w e r e s a m p l e d d u r i n g S e p t e m b e r . F i e l d 
w o r k c o n s i s t e d o f p e r f o r m i n g i n s i t u s e d i m e n t o x y g e n d e m a n d 
m e a s u r e m e n t s , c o l l e c t i n g b e n t h o s s a m p l e s , t a k i n g s e d i m e n t 
s a m p l e s for l a b o r a t o r y use in d e t e r m i n i n g the total s o l i d s (or 
w a t e r ) and the v o l a t i l e s o l i d s c o n t e n t o f the b e n t h i c 
s e d i m e n t s , and c o l l e c t i n g p l a n k t o n s a m p l e s for a l g a e 
i d e n t i f i c a t i o n and e n u m e r a t i o n in the l a b o r a t o r y . 
S a m p l i n g E q u i p m e n t 
T h e S O D m e a s u r e m e n t e q u i p m e n t and p r o c e d u r e s u s e d for 
this s t u d y a r e a d a p t a t i o n s and m o d i f i c a t i o n s o f t h o s e 
o r i g i n a l l y d e v e l o p e d b y the W a ter O u a l i t y S e c t i o n o f the S t a t e 
Wa ter S u r v e y for d e t e r m i n i n g the i n f l u e n c e of s e d i m e n t s on the 
d i s s o l v e d o x y g e n b a l a n c e a l o n g the u p p e r r e a c h e s o f the 
I l l i n o i s W a t e r w a y ( B u t t s , 1 9 7 4 ) . B o w m a n and D e l f i n o ( 1 9 7 8 ) 
h a v e c o m p i l e d an e x c e l l e n t r e v i e w of the s t a t e of the art of 
m e a s u r i n g S O D in the l a b o r a t o r y and in the f i e l d . T h e s e 
a u t h o r s p l a c e S O D m e t h o d o l o g i e s into five c l a s s e s . O n e i s 
d e s i g n a t e d as the b a t c h s y s t e m , and it is the b a s i s a r o u n d 
w h i c h S t a t e W a t e r S u r v e y e q u i p m e n t and o p e r a t i n g p r o c e d u r e s 
h a v e b e e n d e s i g n e d . 
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T h e s o - c a l l e d b a t c h s y s t e m , a s e m p l o y e d b y the W a t e r 
S u r v e y , e n t a i l s the u s e o f a c h a m b e r r e s p i r o m e t e r e q u i p p e d 
w i t h a m e a n s o f i n t e r n a l l y c i r c u l a t i n g w a t e r . Its o p e r a t i o n 
c o n s i s t s e s s e n t i a l l y o f c o n t a i n i n g a k n o w n v o l u m e o f w a t e r 
o v e r a g i v e n b o t t o m a r e a u s i n g e i t h e r a b e l l , b o x , or 
p y r a m i d a l - d o m e d c h a m b e r a n d m e a s u r i n g the D O d r o p w i t h a 
g a l v a n i c cell o x y g e n p r o b e i m p l a n t e d i n t e r n a l l y . For t h i s 
s t u d y , a small b o x - t y p e s a m p l e r , w h i c h had p r o d u c e d e x c e l l e n t 
r e s u l t s for n u m e r o u s s h a l l o w s t r e a m s and l a k e s w i t h i n 
I l l i n o i s , w a s u s e d . T h e d e t a i l e d d e s i g n o f the s a m p l e r i s 
g i v e n b y B u t t s and E v a n s ( 1 9 7 8 ) . 
T h e s a m p l e r is 12 i n c h e s l o n g , 7 i n c h e s w i d e , a n d 7 
i n c h e s d e e p to the top of the s e a t i n g f l a n g e . It is 
f a b r i c a t e d o f 3 / 1 6 - i n c h s t e e l p l a t e w e l d e d all a r o u n d . T h e 
s e a t i n g f l a n g e s a r e 3 / 1 6 - i n c h s t e e l p l a t e e x t e n d i n g 1 - 1 / 2 
i n c h e s f r o m the o u t s i d e f a c e s o f the box s i d e s ; a 2 - i n c h 
s e a t i n g d e p t h i s p r o v i d e d . R e m o v a b l e w a t e r - p r o o f e d p l y w o o d 
e x t e n s i o n f l a n g e s can b e b o l t e d t o the s t e e l f l a n g e s w h e n 
n e e d e d . 
T h i s s a m p l e r w a s d e s i g n e d t o a c c o m m o d a t e t h r e e m e t h o d s o f 
i n t e r n a l w a t e r c i r c u l a t i o n o r m o v e m e n t : two d i f f e r e n t p u m p i n g 
s y s t e m s a n d a n e l e c t r i c a l s t i r r i n g m e c h a n i s m . T h e p u m p i n g can 
be a c c o m p l i s h e d by u s i n g e i t h e r a s u b m e r s i b l e or 
n o n s u b m e r s i b l e p u m p . For this s t u d y , h o w e v e r , the s t i r r i n g 
s y s t e m w a s u s e d . T h e s t i r r i n g m e c h a n i s m i s a t t a c h e d t o a 
l a r g e s p l i t c o l l a r that h a s b e e n a d a p t e d to fit YSI 5 7 9 5 A and 
YSI 5 6 9 5 s u b m e r s i b l e s t i r r e r s . T h e D O - t e m p e r a t u r e p r o b e i s 
h o u s e d w i t h i n the s t i r r e r . The s t i r r e r s o p e r a t e o n f i v e s i z e 
D f l a s h l i g h t b a t t e r i e s . 
In the p a s t , YSI M o d e l 57 a n d 58 D O - t e m p e r a t u r e m e t e r s 
h a v e b e e n u s e d t o m e a s u r e D O and t e m p e r a t u r e c h a n g e s w h i c h 
o c c u r i n the S O D c h a m b e r . The D O c h a n g e s w e r e c o n s t a n t l y 
r e c o r d e d u s i n g a p o r t a b l e C o l e - P a r m e r b a t t e r y - o p e r a t e d 
r e c o r d e r . T h e c o n t i n u o u s r e c o r d i n g of the DO d r o p in the 
c h a m b e r i s d e s i r a b l e i n that the t r a c i n g s c l e a r l y s h o w t r e n d s 
a n d i n f l e c t i o n s i n d i c a t i n g w h e t h e r , a t a n y g i v e n t i m e , 
s a t i s f a c t o r y r e s u l t s a r e b e i n g g e n e r a t e d . T h e C o l e - P a r m e r 
r e c o r d e r w a s not f u n c t i o n i n g p r o p e r l y a t the b e g i n n i n g o f t h i s 
s t u d y s o the o u t d a t e d e q u i p m e n t w a s r e p l a c e d w i t h a n e w YSI 
M o d e l 5 6 d i s s o l v e d o x y g e n - t e m p e r a t u r e m o n i t o r . I n t e g r a t e d 
into t h i s m o n i t o r is a dual c h a n n e l r e c o r d e r w h e r e b y b o t h DO 
a n d t e m p e r a t u r e can b e r e c o r d e d s i m u l t a n e o u s l y . 
U n f o r t u n a t e l y , c o n s i s t e n t r e s u l t s w e r e not p r o d u c e d u s i n g t h i s 
u n i t ; t h e r e f o r e a M o d e l 58 m e t e r w a s u s e d w i t h o u t a r e c o r d e r 
t h r o u g h o u t the d u r a t i o n o f the s t u d y . 
B e n t h o s and s e d i m e n t s a m p l e s w e r e c o l l e c t e d w i t h a 
6 - i n c h - s q u a r e P e t i t e P o n a r d r e d g e , a h a n d - h e l d c l a m - s h e l l t y p e 
d r e d g e s u i t a b l e for s m a l l s t r e a m b i o l o g i c a l a n d s e d i m e n t 
w o r k . B e n t h o s s a m p l e s w e r e w a s h e d t h r o u g h a W i l d c o M o d e l 
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1 9 0 - E 2 0 p l a s t i c b u c k e t e q u i p p e d w i t h a N o . 3 0 s i e v e t o r e t a i n 
all m a c r o i n v e r t e b r a t e s . 
S a m p l i n g P r o c e d u r e s 
R u n s w e r e i n i t i a t e d b y c a l i b r a t i n g the D O p r o b e u s i n g the 
s t a n d a r d w e t - c h e m i s t r y W i n k l e r m e t h o d . T w o D O b o t t l e s w e r e 
t h e n f i l l e d w i t h c r e e k w a t e r a n d i n c u b a t e d i n the c r e e k u n d e r 
d a r k c o n d i t i o n s for the d u r a t i o n of a run to c h e c k for a l g a l 
r e s p i r a t i o n . T h e c a l i b r a t e d p r o b e w a s f i t t e d into the S O D 
c h a m b e r , a n d the u n i t w a s s e a l e d in the s e d i m e n t up to the 
s i d e f l a n g e s . A t s t a t i o n s 2 , 3 , P . R . , a n d 5 , w h e r e e i t h e r 
h a r d o r u n s t a b l e b o t t o m s e x i s t e d , the p l y w o o d e x t e n s i o n 
f l a n g e s w e r e a t t a c h e d , a n d t h e seal w a s s e c u r e d b y s a n d 
b a g g i n g o n a n d a r o u n d t h e s e f l a n g e s . 
D i s s o l v e d o x y g e n a n d t e m p e r a t u r e r e a d i n g s w e r e t a k e n 
e i t h e r a t 5 - o r 1 0 - m i n u t e i n t e r v a l s d e p e n d i n g u p o n the d e m a n d 
r a t e . T h e r u n s w e r e t e r m i n a t e d w h e n the d e m a n d c u r v e a p p e a r e d 
t o s t a b i l i z e l i n e a r l y . I f the c u r v e l e v e l e d off a b r u p t l y , 
t h i s s i g n a l l e d a leak a n d the c h a m b e r w a s p u l l e d u p a n d r e s e t 
i n a n o t h e r n e a r b y a r e a . 
T w o t y p e s o f S O D s w e r e a s c e r t a i n e d d u r i n g a g i v e n r u n . 
T h e total s e d i m e n t o x y g e n d e m a n d and the t o t a l d e m a n d m i n u s 
that c a u s e d b y n i t r i f i c a t i o n w e r e r e c o r d e d . The t o t a l S O D 
m i n u s that c a u s e d b y n i t r i f i c a t i o n w a s i s o l a t e d f r o m the total 
S O D by a d d i n g a n i t r i f y i n g i n h i b i t o r to the c h a m b e r a f t e r a 
total ( u n i n h i b i t e d ) run w a s c o m p l e t e d . T h i s i n h i b i t o r i s the 
s a m e c h e m i c a l , N - s e r v e ( 2 - c h l o r o - 6 - ( t r i c h l o r o m e t h y I ) p y r i d i n e , 
that is c o m m e r c i a l l y u s e d by f a r m e r s to s t a b i l i z e fall 
a p p l i c a t i o n s o f a n h y d r o u s a m m o n i a . N i t r i f i c a t i o n i s the 
p r o c e s s b y w h i c h s p e c i a l i z e d b a c t e r i a t h r i v i n g i n the w a t e r o r 
i n b o t t o m s e d i m e n t s o x i d i z e d i s s o l v e d a m m o n i a ( N H 3 ) i n w a t e r 
o r b e n t h i c ( b o t t o m ) s e d i m e n t s . A p p r o x i m a t e l y 1.6 g r a m s o f 
i n h i b i t o r w a s a d d e d t o the c h a m b e r . T h i s w a s d o n e b y 
d e l i v e r i n g 3 2 H a c h d i s p e n s e r cap i n j e c t i o n s into the c h a m b e r ; 
t h i s d i s p e n s e r i s d e s i g n e d t o i n o c u l a t e a s t a n d a r d B O D b o t t l e 
w i t h 0.05 g r a m s o f i n h i b i t o r , a n d the v o l u m e o f the S O D 
s a m p l e r is e q u i v a l e n t to a b o u t 32 B O D b o t t l e s . A f t e r an 
i n h i b i t e d run w a s c o m p l e t e d , the i n s i d e o f the c h a m b e r w a s 
t h o r o u g h l y s c r u b b e d w i t h a c i d - d e t e r g e n t w a s h i n g s o l u t i o n t o 
r e m o v e all t r a c e s of the i n h i b i t o r to e l i m i n a t e the 
p o s s i b i l i t y o f any r e s i d u a l e f f e c t s d u r i n g the n e x t 
u n i n h i b i t e d r u n . 
T h r e e P o n a r d r e d g e s a m p l e s w e r e c o l l e c t e d , a n d f r o m 
t h e s e , 6 5 t o 7 5 g r a m s o f s e d i m e n t w e r e r e t a i n e d for l a b o r a t o r y 
a n a l y s e s for w a t e r c o n t e n t a n d v o l a t i l e s o l i d s . T h e r e m a i n d e r 
w a s s i e v e d , and the s i e v e d r e s i d u e w a s p r e s e r v e d i n p l a s t i c 
b o t t l e s u s i n g a l c o h o l for d e t e r m i n i n g b o t t o m d w e l l i n g 
m a c r o i n v e r t e b r a t e p o p u l a t i o n s ( b e n t h o s ) i n the l a b o r a t o r y . 
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P h y s i c a l d e s c r i p t i o n s o f b o t h u n s i e v e d and s i e v e d s e d i m e n t s 
w e r e r e c o r d e d . A p p r o x i m a t e l y 4 0 0 m l o f w a t e r w a s c o l l e c t e d 
and p r e s e r v e d w i t h f o r m a l i n for u s e i n a l g a l i d e n t i f i c a t i o n 
and e n u m e r a t i o n in the l a b o r a t o r y . 
D A T A R E D U C T I O N A N D A N A L Y S E S 
C u r v e s s h o w i n g D O u s e d v e r s u s t i m e w e r e d r a w n and u s e d t o 
a g r e a t e x t e n t in a n a l y z i n g and i n t e r p r e t i n g the S O D d a t a . 
I n t e r p r e t a t i o n of t h e s e t y p e s of c u r v e s can at t i m e s be 
s u b j e c t i v e . H o w e v e r , k n o w l e d g e o f the c h e m i c a l , p h y s i c a l , and 
b i o l o g i c a l c o n d i t i o n s e x i s t i n g d u r i n g the s a m p l i n g p e r i o d can 
g r e a t l y aid i n i n t e r p r e t i n g c a u s e s a n d e f f e c t s . 
T h e S O D r a t e s as t a k e n f r o m the c u r v e s a r e in u n i t s of 
m i l l i g r a m s p e r liter per m i n u t e C m g / L / m i n ) and m u s t b e 
c o n v e r t e d into g r a m s per s q u a r e m e t e r per day ( g / m 2 / d a y ) for 
p r a c t i c a l a p p l i c a t i o n s . T h e g e n e r a l c o n v e r s i o n f o r m u l a i s : 
S O D = ( 1 4 4 0 S V ) / 1 0 3 A ( 1 ) 
w h e r e 
S O D = s e d i m e n t o x y g e n d e m a n d , g / m 2 / d a y 
S = s l o p e of s t a b i l i z e d p o r t i o n of the c u r v e , m g / L / m i n 
V = v o l u m e of s a m p l e r , l i t e r s 
A = b o t t o m a r e a of s a m p l e r , m2 
T h e s p e c i f i c f o r m u l a for the box s a m p l e r a n d the s t i r r e r 
c o m b i n a t i o n w h e n s e a t e d up to the f l a n g e s in s e d i m e n t is: 
S O D = 2 0 5 . 5 S ( 2 ) 
G e n e r a l l y , e q u a t i o n 2 is a p p l i e d to the p o r t i o n of a 
c u r v e w h i c h i s l i n e a r o r w h i c h a p p r o a c h e s l i n e a r i t y . M a n y 
c u r v e s , e s p e c i a l l y t h o s e g e n e r a t e d for p o l l u t e d s e d i m e n t s , 
e v o l v e into a s t r a i g h t line a f t e r the e f f e c t s of i n i t i a l 
b o t t o m d i s t u r b a n c e s h a v e s u b s i d e d . O f t e n t h i s e v o l u t i o n i s 
c l e a r and d i s t i n c t , but at o t h e r t i m e s it is n o t . D e f i n i n g 
S O D c u r v e f o r m s or t r e n d s can be a v a l u a b l e aid in d a t a 
i n t e r p r e t a t i o n . 
T h e in s i t u S O D m e a s u r e m e n t s t a k e n at a m b i e n t w a t e r 
t e m p e r a t u r e s w e r e c o r r e c t e d t o 2 0 ° C and 2 5 ° C for c o m p a r a t i v e 
p u r p o s e s b y the e q u a t i o n : 
9 
SODT = SOD 2 0(1.047 T - 2 0) (3) 
w h e r e 
S O D T = S O D rate at a n y t e m p e r a t u r e , T°C 
S O D 2 0 = S O D r a t e at 2 0 ° C 
T h i s e q u a t i o n is a f o r m of the A r r h e n i u s m o d e l w i d e l y 
u s e d in w a t e r q u a l i t y s t u d i e s i n v o l v i n g the s t a b i l i z a t i o n of 
c a r b o n a c e o u s m a t e r i a l s i n a q u e o u s e n v i r o n m e n t s ( B u t t s e t a l . , 
1 9 7 3 ) . 
T h e S O D s e x p r e s s e d in t e r m s of the s t a n d a r d a r e a l r a t e 
u n i t s of g / m 2 / d a y can be c o n v e r t e d to m g / L for a g i v e n s e g m e n t 
or r e a c h of w a t e r by the f o r m u l a : 
G' = 3 . 2 8 G t / H ( 4 ) 
w h e r e 
G' = o x y g e n u s e d by s e d i m e n t s per r e a c h , m g / L 
G = S O D , g / m 2 / d a y 
t = d e t e n t i o n t i m e per r e a c h , d a y s 
H = a v e r a g e w a t e r d e p t h in the r e a c h , feet 
T h i s f o r m u l a h a s b e e n d e v e l o p e d o n the a s s u m p t i o n that 
the b o t t o m a r e a o f the w a t e r b o d y a p p r o x i m a t e s the w a t e r 
s u r f a c e a r e a . T h i s is a v a l i d a s s u m p t i o n for C e d a r C r e e k . The 
e x p r e s s i o n s h o w s that the o x y g e n d e p l e t i o n i n m i l l i g r a m s per 
liter per s e c t i o n of lake or r e a c h of s t r e a m is d i r e c t l y 
r e l a t e d to the a r e a l d e m a n d and the d e t e n t i o n t i m e , and 
i n v e r s e l y r e l a t e d t o the a v e r a g e w a t e r d e p t h . 
R E S U L T S A N D D I S C U S S I O N 
T h e f i e l d s t u d i e s w e r e c o m p l e t e d a s s c h e d u l e d , and the 
r e s u l t s a p p e a r i n t e r e s t i n g and i n f o r m a t i v e . D u r i n g J u n e , 
s t a t i o n 2 w a s c o m p l e t e d on the 2 0 t h , 3 on the 2 l s t , P i c k a r d 
R o a d and 4 on the 2 6 t h , 5 and 6 on the 2 7 t h , and 8 on the 
2 8 t h ; d u r i n g S e p t e m b e r , P i c k a r d R o a d a n d 5 w e r e c o m p l e t e d o n 
the 2 6 t h w h i l e 2 w a s d o n e on the 2 7 t h . 
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Results 
T h e d a t a on a c c u m u l a t e d DO u s e d in t e r m s of m g / L v e r s u s 
e l a p s e d time i n m i n u t e s , a s d e r i v e d f r o m f i e l d n o t e s , a r e 
p r e s e n t e d in A p p e n d i x A. P l o t s r e p r e s e n t i n g t h e s e d a t a in the 
f o r m of S O D c u r v e s a r e p r e s e n t e d as f i g u r e s 2 t h r o u g h 8. 
S p e c i f i c S O D r a t e s , d e r i v e d u s i n g e q u a t i o n 2 i n c o n j u n c t i o n 
w i t h the i n f o r m a t i o n c o n t a i n e d in A p p e n d i x A and the S O D 
c u r v e s , a r e p r e s e n t e d i n A p p e n d i x 8 . T h e i n c r e m e n t a l 
d i f f e r e n c e s r e p r e s e n t v a r i o u s s l o p e d i f f e r e n c e s e x h i b i t e d b y 
the c u r v e s o v e r the d u r a t i o n o f e a c h run w i t h a p p r o p r i a t e 
c o r r e c t i o n s m a d e for a l g a l r e s p i r a t i o n . T h e u n d e r l i n e d v a l u e s 
in A p p e n d i x B r e p r e s e n t the s t a b i l i z e d l i n e a r p o r t i o n of the 
c u r v e w h i c h a p p e a r e d t o p r o v i d e the b e s t e s t i m a t e o f the r a t e 
at a g i v e n l o c a t i o n . T h e o v e r a l l r e s u l t s a r e s u m m a r i z e d in 
t a b l e 1. T h e n i t r o g e n o u s r a t e , as p r e s e n t e d in t a b l e 1, e q u a l s 
the t o t a l r a t e m i n u s the i n h i b i t e d r a t e . 
Figure 2. Sediment oxygen demand curves at station 2 
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Figure 3. Sediment oxygen demand curves at station 3 
Figure 4. Sediment oxygen demand curves 
at Pickard Road 
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Figure 5. Sediment oxygen demand 
curves at station 4 
Figure 6. Sediment oxygen demand 
curves at station 5 
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Figure 7. Sediment oxygen demand curves at station 6 
Figure 8. Sediment oxygen demand curves at station 8 
Table 1. Best Estimate SOD Rates, Percentage Nitrogenous Composition, 





a. June Values 
SOD Rates (g/m2/day) 
Total at Nitrogenous at 





2 19.8 21.5 6.17 7.83 6.22 5.55 7.11 5.64 91 Grossly Polluted 
3 20 8 21.5 2.16 2.63 2.09 0.24 0.37 0.29 14 Moderately Polluted 
P.R. 23.3 23.9 4.85 5.24 4.17 1.97 2.21 1.76 42 Grossly Polluted 
4 25.3 26.0 4.30 4.25 3.38 3.03 3.04 2.42 71 Polluted 
5 24.9 24.9 1.51 1.52 1.21 0.97 0.97 0.78 64 Slightly Degraded 
6 25.7 25.9 1.04 1.00 0.80 0.07 0.07 0.06 7 Moderately Clean 
8 22.8 23.7 2.21 2.45 1.95 0.71 0.85 0.68 35 Moderately Polluted 
b. September Values 
2 12.8 13.9 3.31 5.80 4.61 1.55 2.87 2.28 49 Grossly Polluted 
P.R. 17.4 17.3 2.44 3.45 2.75 0.28 0.37 0.30 11 Polluted 
5 14.7 14.7 2.06 3.31 2.63 1.04 1.67 1.33 50 Polluted 
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T h e s u p p l e m e n t a l p h y s i c a l and biologi.cal d a t a and 
i n f o r m a t i o n c o l l e c t e d i n c o n j u n c t i o n w i t h e a c h S O D run a r e 
s u m m a r i z e d i n table 2 . D e t a i l e d b e n t h i c m a c r o i n v e r t e b r a t e and 
a l g a e d a t a a r e c o n t a i n e d in A p p e n d i x e s C and D, r e s p e c t i v e l y . 
The t e r m b e n t h o s in t a b l e 2 r e f e r s to b e n t h i c or 
b o t t o m - d w e l l i n g m a c r o i n v e r t e b r a t e o r g a n i s m s . The p e r c e n t 
s o l i d s p a r a m e t e r s e r v e s as a g e n e r a l i n d i c a t o r of c o n s i s t e n c y 
C i . e . , the d e g r e e of l i q u i d i t y of the s e d i m e n t s ) , w h i l e the 
p e r c e n t v o l a t i l e s o l i d s ( V . S . ) o r l o s s - o n - i g n i t i o n p a r a m e t e r 
s e r v e s as a g e n e r a l i n d i c a t o r of o r g a n i c c o n t e n t . T h e DO 
v a l u e s r e p r e s e n t v a l u e s o b t a i n e d a t the b e g i n n i n g o f a n S O D 
Table 2. Summary of Physical and Biological Data 











































































Thin layer of gray-black watery 
clay-silt, fine to coarse sand 
on top of gray hard-pan clay 
Dirty fine to coarse sand on 
top of gray hard-pan clay, 
woody detritus, leaves 
Dirty silty fine to coarse sand, 
shale and shell fragments, pea 
gravel 
Loose silt, fine to coarse sand, 
small stones, clay balls, woody 
detritus 
Clay-silt, a little sand, small 
gravel, clay balls, crayfish 
Silty fine to coarse sand 
Silty coarse sand, small gravel 
and rocks, small pieces of woody 
detritus 
Thin layer of organic looking 
clay-silt on top hard-pan clay, 
gray-brown fine to coarse sand, 
small gravel and stones, woody 
detritus, very small crushed shell 
fragments 
Dirty black silty fine to coarse 
sand, pea sized to medium gravel, 
woody detritus, whole snail and 
fingernail clam shells, crushed 
shells 
Dirty silty medium to coarse 
sand 
run. N o a l g a e s a m p l e s w e r e c o l l e c t e d d u r i n g the S e p t e m b e r 
r u n s . 
D i s c u s s i o n 
The s e d i m e n t o x y g e n d e m a n d v a l u e s v a r i e d w i d e l y 
t h r o u g h o u t the s t u d y a r e a . The total S O D v a l u e s at 2 5 ° C 
d u r i n g June v a r i e d from a low of 1.00 g / m 2 / d a y at s t a t i o n 6 to 
a h i g h of 7.83 g / m 2 / d a y at s t a t i o n 2 a b o v e the G a l e s b u r g 
o u t f a l l . O f the three s t a t i o n s run d u r i n g S e p t e m b e r , s t a t i o n 
2 had the h i g h e s t v a l u e s , as it did d u r i n g J u n e . 
The s e d i m e n t c l a s s i f i c a t i o n s listed in t a b l e 1 are those 
p r e s e n t e d b y B u t t s and E v a n s ( 1 9 7 8 ) (see table 3 ) . They are 
a p p r o p r i a t e for use o n l y w h e n s e d i m e n t s c o n t a i n low 
m a c r o i n v e r t e b r a t e n u m b e r s or w h e n large n u m b e r s of 
p o l l u t i o n - t o l e r a n t o r g a n i s m s exist in the a b s e n c e of 
d i v e r s i t y . V e r y high S O D s can exist in s e d i m e n t s w h i c h are 
h i g h l y p o p u l a t e d w i t h o r g a n i s m s i n t o l e r a n t t o o r g a n i c 
o x y g e n - c o n s u m i n g w a s t e s . B u t t s e t a l . ( 1 9 8 2 ) found that 
M i s s i s s i p p i River m u d s c o n t a i n i n g over 4 8 , 0 0 0 o r g a n i s m s per 
s q u a r e m e t e r o f i n t o l e r a n t m a c r o i n v e r t e b r a t e s p r o d u c e d a n SOD 
rate of 5.47 g / m 2 / d a y . In this c a s e , c l a s s i f i c a t i o n a c c o r d i n g 
to t a b l e 3 is not a p p r o p r i a t e , a l t h o u g h t h i s v a l u e is 
c o m p a r a b l e to s e v e r a l of the v a l u e s m e a s u r e d in- C e d a r C r e e k 
that h a v e been l a b e l e d as p o l l u t e d to g r o s s l y p o l l u t e d . W h a t 
d i f f e r e n t i a t e s the C e d a r C r e e k rates from the M i s s i s s i p p i 
R i v e r v a l u e is the fact that the o r g a n i s m s in C e d a r C r e e k are 
low in n u m b e r s and what o r g a n i s m s are p r e s e n t are m o s t l y 
m o d e r a t e l y p o l l u t i o n - t o l e r a n t m i d g e fly larvae and h i g h l y 
p o l l u t i o n - t o l e r a n t s l u d g e w o r m s (see A p p e n d i x C ) . The 
p o l l u t i o n t o l e r a n c e v a l u e s for i n d i v i d u a l o r g a n i s m s and the 
b i o t i c index v a l u e s p r e s e n t e d in A p p e n d i x C w e r e d e r i v e d u s i n g 
i n f o r m a t i o n c o n t a i n e d in the I E P A ' s F i e l d M e t h o d s M a n u a l 
Table 3. Generalized Benthic Sediment Conditions 
in Northeastern Illinois Streams 
as Characterized by SOD Rates 
Generalized Benthic SOD Range at 
Sediment Condition 25°C (g/m2/day) 
Clean 0-0.5 
Moderately Clean 0.5-1.O 
Slightly Degraded 1.0-2.0 
Moderately Polluted 2.0-3.0 
Polluted 3.0-5.0 
Grossly Polluted 5.0-10.0 
Sewage Sludge-like >10.0 
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B i o l o g i c a l M o n i t o r i n g ( 1 9 8 0 ) . The b i o t i c index is m e r e l y the 
w e i g h t e d a v e r a g e ( b a s e d o n n u m b e r s ) o f i n d i v i d u a l o r g a n i s m 
t o l e r a n c e v a l u e s . The t o l e r a n c e v a l u e s r a n g e f r o m 0 for 
h i g h l y i n t o l e r a n t o r g a n i s m s to 11 for h i g h l y t o l e r a n t o n e s . 
P o l l u t i o n t o l e r a n c e in this c a s e r e f e r s to t o l e r a n c e to 
o r g a n i c o x y g e n - c o n s u m i n g w a s t e s . 
The high S O D rate d u r i n g b o t h June and S e p t e m b e r o c c u r r e d 
at s t a t i o n 2 a b o v e the t r e a t m e n t p l a n t o u t f a l l . As n o t e d in 
table 2, a thin layer of very f l o c c u l e n t or w a t e r y o r g a n i c 
silt c o v e r e d a very hard clay b o t t o m . The J u n e v o l a t i l e 
s o l i d s f r a c t i o n of 9.4 p e r c e n t at s t a t i o n 2 is i n d i c a t i v e of 
o r g a n i c p o l l u t i o n . The P i c k a r d Road o r g a n i c c o n t e n t w a s a l s o 
high d u r i n g b o t h J u n e and S e p t e m b e r . G e n e r a l l y , i n p r e v i o u s 
SOD s t u d i e s c o n d u c t e d by the S W S the c o r r e l a t i o n s b e t w e e n 
v o l a t i l e s o l i d s and S O D r a t e s h a v e been low. A c o r r e l a t i o n 
c o e f f i c i e n t of o n l y 0.08 w a s r e p o r t e d by B u t t s and E v a n s 
( 1 9 7 8 ) for 89 d a t a s e t s for n o r t h e a s t e r n I l l i n o i s s t r e a m s . 
For 30 d a t a s e t s for a s h a l l o w o x b o w lake, B u t t s and E v a n s 
( 1 9 7 9 ) f o u n d the a c t u a l c o r r e l a t i o n w a s a n e g a t i v e 0 . 4 8 ; i.e., 
as the v o l a t i l e s o l i d s c o n t e n t w e n t u p , the S O D rate went 
d o w n . H o w e v e r , for C e d a r C r e e k , the r e l a t i o n s h i p b e t w e e n 
t h e s e two p a r a m e t e r s a p p e a r s to run s o m e w h a t c o u n t e r to 
p r e v i o u s f i n d i n g s . For the ten C e d a r C r e e k r u n s , the 
c o r r e l a t i o n c o e f f i c i e n t b e t w e e n the v o l a t i l e s o l i d s c o n t e n t 
and S O D rate w a s a r e l a t i v e l y high 0 . 8 8 . 
T h i s is the first in situ SOD s t u d y in w h i c h an a t t e m p t 
w a s m a d e to i s o l a t e the n i t r o g e n o u s S O D from the g r o s s or 
total r a t e . T h i s a t t e m p t a p p e a r s to have b e e n f a i r l y 
s u c c e s s f u l as e v i d e n c e d by the r e s u l t s in t a b l e 1. The 
f r a c t i o n a t t r i b u t a b l e t o a m m o n i a o x i d a t i o n v a r i e s w i d e l y from 
a low of 7 p e r c e n t of the total at s t a t i o n 6 to a high of 91 
p e r c e n t a t s t a t i o n 2 , w i t h both s i t u a t i o n s o c c u r r i n g d u r i n g 
J u n e . N o t e that the n i t r o g e n o u s p e r c e n t a g e c o m p o s i t i o n s for 
all t h r e e S e p t e m b e r runs w e r e lower than the r e s p e c t i v e v a l u e s 
o b t a i n e d d u r i n g J u n e . T h i s is not s u r p r i s i n g in that 
n i t r i f y i n g b a c t e r i a a c t i v i t y s l o w s down s i g n i f i c a n t l y w h e n the 
w a t e r t e m p e r a t u r e s fall b e l o w 2 0 ° C . W a t e r t e m p e r a t u r e s in June 
w e r e all a b o v e 2 0 ° C , w h e r e a s d u r i n g S e p t e m b e r they r a n g e d from 
1 2 . 8 ° C to 1 7 . 4 ° C . A l s o i n t e r e s t i n g is the fact that the 
h i g h e s t n i t r o g e n o u s f r a c t i o n o c c u r r e d a t s t a t i o n 2 , w h i c h had 
the h i g h e s t total r a t e , w h i l e the lowest n i t r o g e n o u s f r a c t i o n 
o c c u r r e d at s t a t i o n 6, w h i c h had the lowest total r a t e . The 
n i t r o g e n o u s r a t e a p p e a r s t o i n c r e a s e g r a d u a l l y d o w n s t r e a m t o 
s t a t i o n 4 and then to d e c r e a s e r a p i d l y s t a r t i n g at s t a t i o n 5. 
The r e l a t i v e l y low total and n i t r o g e n o u s rates at s t a t i o n 3 
can p r o b a b l y be a t t r i b u t e d to the i n t r o d u c t i o n of the large 
s a n i t a r y d i s t r i c t flow to the s t r e a m a b o v e this s t a t i o n . The 
r e s u l t a n t s t r e a m f l o w v e l o c i t y after the i n t r o d u c t i o n of the 
e f f l u e n t a p p e a r s to be s u f f i c i e n t l y h i g h to c a u s e c o n t i n u o u s 
s c o u r i n g of the w a t e r y - o r g a n i c s i l t s from this a r e a (see 
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s e d i m e n t d e s c r i p t i o n s of s t a t i o n s 2 and 3 in t a b l e 2 ) . 
E v i d e n t l y , h y d r a u l i c c o n d i t i o n s a r e less s e v e r e f a r t h e r 
d o w n s t r e a m , and t h i s a l l o w s c a r b o n a c e o u s a n d n i t r o g e n o u s 
b a c t e r i a l g r o w t h s t o d e v e l o p i n l o c a l i z e d a r e a s h a v i n g 
s u i t a b l e s u b s t r a t e s . S e d i m e n t o x y g e n d e m a n d can r e s u l t f r o m 
the s t a b i l i z a t i o n of o r g a n i c m a t e r i a l s in the s e d i m e n t s or the 
e x t r a c t i o n o f d i s s o l v e d B O D f r o m the o v e r l y i n g w a t e r . B o t h 
p r o c e s s e s p r o b a b l y c o n t r i b u t e s i g n i f i c a n t l y t o the S O D v a l u e s 
m e a s u r e d i n C e d a r C r e e k . 
D u r i n g the two p e r i o d s o f s t u d y , algal a c t i v i t y w a s low 
a s can b e n o t e d b y the p l a n k t o n cell c o u n t s a n d r e s p i r a t i o n 
r a t e s p r e s e n t e d i n A p p e n d i x D . D u r i n g J u n e , o n l y the S O D r a t e 
at s t a t i o n 8 n e e d e d to be c o r r e c t e d for a l g a l r e s p i r a t i o n . 
D u r i n g S e p t e m b e r , all t h r e e s t a t i o n s s a m p l e d r e q u i r e d 
c o r r e c t i o n s , but o n l y that for s t a t i o n 2 w a s s i g n i f i c a n t . 
A g e n e r a l idea as to the e f f e c t of S O D r a t e s on DO 
d e p l e t i o n i n C e d a r C r e e k can b e a s c e r t a i n e d b y u s i n g e q u a t i o n 
4. At a g i v e n l o c a t i o n in a s t r e a m , the time r e q u i r e d to u s e a 
c e r t a i n a m o u n t of DO in a w a t e r c o l u m n can be c o m p u t e d by 
s e t t i n g G' e q u a l to that a m o u n t and s o l v i n g e q u a t i o n 4 for t. 
For e x a m p l e , d u r i n g the J u n e s a m p l i n g run a t P i c k a r d R o a d , the 
o b s e r v e d D O w a s 8.8 m g / L , the o b s e r v e d d e p t h a t the s a m p l i n g 
p o i n t w a s 2 f e e t , and the m e a s u r e d S O D w a s 4.85 g / m 2 / d a y at an 
a m b i e n t t e m p e r a t u r e of 2 3 . 3 ° C . L e t t i n g G' = 8.8 m g / L , G = 4.85 
g / m 2 / d a y , and H = 2 ft, and a s s u m i n g no p h y s i c a l r e p l e n i s h m e n t 
of D O , the r e s u l t a n t time r e q u i r e d to f u l l y d e p l e t e the 8.8 
m g / L of DO w o u l d be 1.1 d a y s . 
E q u a t i o n 4 can a l s o be u s e d to r o u g h l y e v a l u a t e the 
e f f e c t of S O D on the DO w i t h i n a s t r e a m r e a c h . For 
i l l u s t r a t i v e p u r p o s e s , the s i t u a t i o n in the c r e e k r e a c h 
b e t w e e n P i c k a r d R o a d and s t a t i o n 4 w a s e v a l u a t e d for 
w a r m - w e a t h e r , l o w - f l o w c o n d i t i o n s . P a r a m e t r i c input 
c o n d i t i o n s a r e : d i s t a n c e = 1.6 mL a v e r a g e s t r e a m v e l o c i t y = 
0.51 fps ( F r e v e r t , 1 9 7 9 ; B u c h a n a n and S o m e r s , 1 9 6 9 ) , H = 1.61 
ft ( F r e v e r t , 1 9 7 9 ) , and G = 4.58 g / m 2 / d a y ( a v e r a g e of P.R. and 
s t a t i o n 4 J u n e v a l u e s ) . T h e t r a v e l t i m e ( t ) w i t h i n the r e a c h , 
c o m p u t e d b y d i v i d i n g the d i s t a n c e b y the a v e r a g e s t r e a m 
v e l o c i t y , w a s 0 . 1 9 2 d a y s . S u b s t i t u t i n g G, t, and H v a l u e s 
into e q u a t i o n 4 and s o l v i n g for G' y i e l d s a DO d e p l e t i o n of 
1.79 m g / L w i t h i n the r e a c h due s o l e l y to S O D . T h i s is 
s i g n i f i c a n t in that it a c c o u n t s for a p p r o x i m a t e l y 64 p e r c e n t 
of the DO d r o p of 2.8 m g / L o b s e r v e d b e t w e e n the s t a t i o n s 
d u r i n g the J u n e S O D r u n s . T h i s is a c o n s e r v a t i v e e s t i m a t e of 
the e f f e c t S O D has on DO d e p l e t i o n in C e d a r C r e e k s i n c e no 
a l l o w a n c e w a s m a d e for b i o l o g i c a l o r p h y s i c a l r e a e r a t i o n . 
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C O N C L U S I O N S 
1 . S e d i m e n t o x y g e n d e m a n d i s a s i g n i f i c a n t c o n t r i b u t o r t o t h e 
d e p l e t i o n o f d i s s o l v e d o x y g e n i n C e d a r C r e e k d o w n t o 
s t a t i o n 5 , a d i s t a n c e o f a p p r o x i m a t e l y 4 . 9 m i l e s b e l o w t h e 
G a l e s b u r g S a n i t a r y D i s t r i c t o u t f a l l . D u r i n g l o w f l o w 
c o n d i t i o n s , S O D a p p e a r s t o c a u s e a D O d r o p o f 
a p p r o x i m a t e l y 1.0 m g / L p e r m i l e o f s t r e a m l e n g t h w i t h i n 
t h i s r e a c h . 
2 . T h e s e d i m e n t c o n d i t i o n s b e t w e e n t h e o u t f a l l a n d s t a t i o n 5 
r a n g e f r o m m o d e r a t e l y p o l l u t e d t o g r o s s l y p o l l u t e d . T h i s 
c a t e g o r i z a t i o n w a s a r r i v e d a t o n t h e b a s i s t h a t h i g h S O D 
r a t e s w e r e m e a s u r e d i n s e d i m e n t s l a c k i n g b e n t h i c 
m a c r o i n v e r t e b r a t e d i v e r s i t y a n d n u m b e r s . B a c t e r i a l 
o x i d a t i o n i s p r o b a b l y t h e p r i m a r y c a u s e o f t h e S O D . 
3. No s e w a g e s l u d g e s or s e w a g e - l i k e s l u d g e s w e r e found at the 
SOD s a m p l i n g l o c a t i o n s , w i t h the p o s s i b l e e x c e p t i o n o f 
s t a t i o n 2 a b o v e t h e o u t f a l l . T h e s e d i m e n t s a t t h e 
s t a t i o n s b e l o w t h e o u t f a l l w e r e g e n e r a l l y c o m p o s e d o f 
g r a y - b l a c k s i l t y s a n d s . A t h i n l a y e r o f w a t e r y , o r g a n i c 
s i l t c o v e r s a h a r d c l a y b o t t o m i n t h e c h a n n e l a b o v e t h e 
o u t f a l l . S t a t i o n 2 e x h i b i t e d t h e h i g h e s t S O D r a t e 
m e a s u r e d d u r i n g t h e s t u d y . 
4 . B e l o w s t a t i o n 5 d o w n t o s t a t i o n 8 ( 9 . 6 m i l e s b e l o w t h e 
o u t f a l l ) the S O D r a t e s a r e r e l a t i v e l y l o w a n d t h e s e d i m e n t 
c l a s s i f i c a t i o n s r a n g e f r o m m o d e r a t e l y c l e a n t o m o d e r a t e l y 
p o l l u t e d . D O d e p l e t i o n d u e t o S O D i n t h i s r e a c h i s 
p r o b a b l y m i n i m a l . 
5 . N i t r i f i c a t i o n c o n t r i b u t e s s i g n i f i c a n t l y t o t h e S O D r a t e s 
a t c e r t a i n l o c a t i o n s w i t h i n C e d a r C r e e k . I n t h e c r i t i c a l 
4 . 9 - m i l e r e a c h b e l o w t h e o u t f a l l , t h e n i t r o g e n o u s 
p e r c e n t a g e c o m p o s i t i o n r a n g e d f r o m a l o w o f 1 4 a t s t a t i o n 
3 to a h i g h of 71 at s t a t i o n 4. T h e p e r c e n t a g e of S O D d u e 
t o n i t r i f i c a t i o n w a s l e s s d u r i n g S e p t e m b e r t h a n d u r i n g 
J u n e . 
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APPENDIX A 
FIELD-RECORDED TOTAL AND INHIBITED DO USAGE 
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AMBIENT AND TEMPERATURE CORRECTED 
TOTAL AND INHIBITED SOD RATES 
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Ambient and Temperature Corrected Total (T) 


















































































































































































Note: The underlined values represent the stabilized linear portion of the 
curve which appeared to provide the best estimate of the rate at 
a given location. 
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Ambient and Temperature Corrected Total (T) 













































































































BIOLOGICAL DATA — BENTHIC MACROINVERTEBRATES (BENTHOS) 
31 
Benthic Macro-invertebrate Numbers and Tolerance Values 
Organism 
Cambaridae (crayfish) 
Dubiraphia (riffle beetle) 
Peltodytes (crawling water beetle) 
Chironomidae (midge fly) 
Coenagrionidae (damselfly) 
Ceratopogonidae (biting midge) 
Lumbriculidae (aquatic worm) 
Hirudinea (leech) 
Physa (snail) 
Turibificidae (sludge worm) 
Totals 













































































Note: Numbers are in terms of organisms per square meter 
APPENDIX D 
BIOLOGICAL DATA — ALGAE 
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June Respiration (g/m2/day @ 25°C) 
Sept. Respiration (g/m2/day @ 25°C) 
2 
32 
51 
10 
4 
97 
0 
0.60 
3 
9 
21 
23 
53 
0 
P.R. 
30 
40 
124 
194 
0 
0.14 
Stations 
4 
86 
23 
20 
25 
154 
0 
5 
15 
38 
42 
44 
139 
0 
0.16 
6 
4 
14 
9 
38 
65 
0 
8 
105 
137 
105 
182 
91 
95 
74 
28 
817 
0.65 
